Valuable information, which could be obtained from the nutritional tests used to classify yeasts, is lost in two ways. (i) Tests of ability to grow on organic compounds are only done semi-aerobically; this makes many results difficult to interpret. (ii) Many results remain unpublished because information on individual strains is condensed into a description of the species.
INTRODUCTION
The traditions of yeast taxonomy stem from 19th century mycology when the chief interest was in observations on structures and life cycles rather than nutritional physiology.
Despite this tradition, the work of Wickerham (Wickerham & Burton, I 948 ; Wickerham, 1951) and Kudriavzev (1954) has led to the current use of 62 physiological tests for classifying yeasts (Lodder, 1970; Barnett & Pankhurst, 1974) . However, many yeast taxonomists think that they should be concerned solely with classifying and identifying, and should avoid wider issues of yeast systematics such as comparative physiology (e.g. van der Walt, 1970) . Accordingly, nutritional tests are done in such a way that they cannot provide certain kinds of physiological information; but such information could be readily obtained using continuously agitated cultures and frequent measurements of growth. This paper considers first, how the tests for aerobic growth on organic compounds might be done for classifying (not identifying) yeasts and, secondly, how the results of the tests could be put to far greater use, with benefit to yeast systematics.
Aerobic growth tests for classifying yeasts use a chemically defined medium to which a single organic compound is added as the sole major source of carbon. Of the five accepted methods of testing (Barnett, 1968; van der Walt, 1970) (Table I) , three involve solid media and are difficult to quantify. The more widely used of the other two methods is that of Wickerham (1951) for which stationary cultures in test tubes are shaken by hand at inteivals and examined for growth every week for four weeks. A few workers, however, use continuously agitated cultures (e.g. Yarrow & Ahearn, 1971 ; Buhagiar & Barnett, 1973; Rodrigues de Miranda, 1975; Leask & Yarrow, 1976) . Unlike stationary cultures, aerated cultures provide fully aerobic conditions; hence the tests are more standardized and the results more reliable. This is particularly important for the many quantal (+ or -) findings that taxonomists offer with an equivocal qualification, such as ' acquired ', ' latent ', ' moderate ', ' slow ', ' scant ', ' weak ', etc. (see Lodder, I 970). Many yeasts grow rapidly and with little delay on some substrates, e.g. Saccharomyces cerevisiae on sucrose, and the result is little affected by the conditions of testing. However, there may be a marked and characteristic delay, often of several days, before certain other substrates are J. A. BARNETT Table I . Methods used in yeast classijication for assessing utilization of organic compounds for aerobic growth Van der Walt (1970) has given a general account of these methods. Over 20 years ago, Pirie (1955) in discussing taxonomic tests said, ' It would be.. . better if we got rates.. . , even if it were only an indication of the order, e.g. I, 100, 10000 or I oooooo molecules per cell per second'. He pointed out that this would prevent similar weight being given to widely different amounts of activity. Yet, even today, the symbol + is given for responses corresponding to a wide range of specific growth rates. For example, strains of Pichia species have been recorded as + when grown on D-ribose or ribitol (Kreger-van Rij, 1970), but their relevant growth-rates ranged from 0.03 to 0.3 generations h-l (Barnett, 1975) .
Method
A taxonomist's description of a species should be as complete as practicable and not confined to features essential for identifying or classifying the organism. In this description, measurements of aerobic growth on each test substrate could provide information of considerable importance to other aspects of yeast biology. A biochemist or geneticist wishing to find, for example, a sexually reproducing non-filamentous yeast that utilizes both melibiose and sucrose, but not D-galactose, must consult a major taxonomical work, such as that of Lodder (1970 Yeast taxonomy 185 yeasts and therefore have a special responsibility to ensure that the results of their physiological tests give the maximum information.
METHODS
The yeasts were tested by the methods given by van der Walt (1970) . The results were analysed as described by Barnett (1966a Barnett ( , 1968 Barnett ( , 1976 .
Interpretation of results
The results of the tests in current use have already provided more information about yeast comparative nutrition than the simple facts that species A, B and C use, or do not use, substrates X, Y and Z (Barnett, 1966a (Barnett, , b, 1968 (Barnett, ,1976 Novdk & Zsolt, 1967) . This is because, as shown below, the results of certain tests are associated with those of others; these associations generally arise from the physiological characteristics of the yeasts. Some of the associations are easily predictable. Others are less expected, or quite unexpected, and so reveal new features of the yeasts' physiology.
Unfortunately, most results of nutritional tests are published in descriptions of species so that important information is unpublished and thus lost. An example is the work of Kregervan Rij (1970) on 62 strains of Pichia rnembranaefaciens. Growth on L-sorbose and D-xylose were given as + or -, i.e. some strains could use these substrates, but others could not.
From this information alone, one cannot tell (i) how many strains were in each category, or (ii) whether the ability to use one sugar was associated with the other. For such knowledge, it would be necessary to determine how many strains were in each of the following categories :
The results of tests on 500 strains of yeasts done by N. J. W. Kreger-van Rij and D. Yarrow (collated by Barnett, 1976) yielded some interesting associations, a few of which are discussed below. The physiology of the utilization by yeasts of the compounds discussed has been fully reviewed by Barnett (1976) , where detailed references may be found to the appropriate physiological and biochemical work. The structures of the substrates are shown in Table 2 .
Associations of abilities of yeasts to utilize test substrates The simple example of two P-D-ghcosides, cellobiose and salicin, may be taken first. Yeasts probably hydrolyse these glucosides into their component monomers, so that D-glucose is liberated from each compound and catabolized via the glycolytic pathway. The results of testing the 500 yeast strains for the ability to use these compounds for aerobic growth were as follows :
Salicin - Yeast taxonomy 187 not salicin. Hence, with only 20 exceptions (4 %), a yeast that utilizes salicin also utilizes cellobiose, and conversely. The first step in the breakdown of these P-D-glucosides is probably their hydrolysis by one or more p-glucosidases. Provided that these are equally accessible to the two F-Dglucosides, the results in (I) might be expected in view of the reputed insensitivity of the p-glucosidases to the nature of the aglycon of their substrate. The 20 strains said to be exceptions should be investigated further.
The association for cellobiose and salicin differs from that for sucrose and raffinose; but this, too, is simple. With only 2 (0.4 %) 
The utilization of these glycosides by a few yeasts has been examined by biochemists. If their findings apply to yeasts in general, the relationships shown in (2) are to be expected. (i) As a double glycoside, sucrose is both an ol-D-glucoside and ap-D-fructoside; hence it can be hydrolysed either by an a-glucosidase or by a P-fructofuranosidase. (ii) Nearly all yeasts that utilize raffinose probably do so by initially hydrolysing this trisaccharide by means of a p-fructofuranosidase to give melibiose and D-fructose (for review, see Barnett, I 976). A few yeasts may hydrolyse raffinose to sucrose and D-galactose by means of an a-galactosidase.
(iii) If P-fructofuranosidase is present, it acts outside the plasmalemma and so is accessible to both raffiose and sucrose, irrespective of the presence of a system for carrying the glycosides across the plasmalemma into the cell. (iv) Rafiose does not appear to be hydrolysed by a-glucosidases (French, I 954; Gottschalk, I 958). Therefore, although most yeasts that utilize raf€inose would be expected to use sucrose too, the converse would not be true since many yeasts probably have a-glucosidase but not p-fructofuranosidase activity. All this is consistent with the results shown in (2) above.
It is also consistent with the results obtained with inulin, which is a polymer of p-Dfructofuranosyl groups. As can be seen from (3), yeasts that utilize inulin also use sucrose, with only 2 % exceptions. Such a relationship may be contrasted with that between, for example, inulin and maltose. There are no enzymic reasons why the ability to use inulin should be associated with the ability to use maltose and, indeed, 19 % of the yeasts that use inulin do not use maltose. For p-D-glucosides and p-D-fructosides, the observations by taxonomists on many yeasts may be interpreted in terms consistent with the results of biochemists for a few species. Such accord suggests that this method of examining taxonomists' results is valid, as was found for other examples of the abilities of yeasts to utilize pairs of substrates (Barnett, 1966a (Barnett, , 1968 (Barnett, , 1976 .
However, less is known about the number, specificity and location of the a-glucosidases of yeasts. Analysis of taxonomists' surveys of the utilization of sucrose, maltose, methyl CC-Dglucopyranoside, melezitose and a,a-trehalose might therefore reveal unexpected associations.
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A simple pair of a-D-glucosides to consider is sucrose and maltose (4). As with cellobiose and salicin, the ability of yeasts to utilize sucrose is highly associated with the a'bility to utilize maltose and vice versa. and so are probably without P-fructofuranosidase activity, as described under (2) above.
Of these 132 yeasts, only 4 (3 %) are given as maltose -.
Probably most a-glucosidases act on maltose. From the above results, it may be inferred that most yeasts which are [raffinose -, sucrose + ] hydrolyse sucrose by means of such an a-glucosidase. Some, though not all, of these yeast a-glucosidases also appear to hydrolyse melezitose and methyl a-D-glucopyranoside (6). Melezitose -Perhaps the hydrolysis of melezitose is usually mediated by an enzyme that also hydrolyses a,a-trehalose. However, trehalase has so far been purified only from two yeasts, Saccharomyces cerevisiae and an interspecific hybrid Saccharomyces ; the two purified trehalases were highly specific for trehalose. Hence, the taxonomists' results summarized in (7) suggest that some yeast enzymes with a-glucosidase activity have different specificities from those so far described by biochemists.
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The physiological tests used for classifying yeasts should be done so that their results are meaningful physiologically and possible to interpret quantitatively. Even existing nutritional tests yield information that could be used to advance research in yeast systematics. At the moment, most of this information remains unpublished. A recently tabulated description of 434 species of yeast (Barnett & Pankhurst, 1974) was based on tests done by about 16 workers on nearly 5000 strains with more than 30 substrates. This examination of thousands of strains could be exploited to provide a basis for a comprehensive comparative nutrition of yeasts. The results could be deposited with a convenient central authority, such as the Centraalbureau voor Schimmelcultures, and so become available to those who wish to analyse them.
So far, yeasts of only a few species are used industrially, of which Saccharomyces cerevisiae is of considerable importance commercially. By making their results more readily available and improving their tests, yeast taxonomists should be able to stimulate studies that would lead to the commercial use of some of the other 400 or 500 species.
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